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Project background 
 
Millions of small-scale farmers efficiently supply the great majority of the meat, milk and fish market in 
Africa. Surging demand for livestock products and changing consumer demands (the 'Livestock 
Revolution') provide an opportunity to set poor farmers on pathways out of poverty, but also threaten the 
continued presence of smallholder farmers in increasingly demanding markets.  While the presence of food 
safety hazards (such as microbial pathogens and residues) in informally marketed food is high, the risk to 
human health is mostly unknown and current food safety management is both ineffective and inequitable. 
Risk-based approaches for assessing and managing food safety offer a powerful new method for reducing 
the enormous health burden imposed by foodborne disease, while taking into account other societal goals 
such as pro-poor agri-food sector development and food and nutritional security. 
 
The ultimate goal of the second phase of the Safe Food, Fair Food project is the improvement of livelihoods 
of poor producers and consumers by reducing the health risks and increasing the livelihood benefits 
associated with meat, milk and fish value chains. Its purpose is to further research into the practical 
application of risk analysis and economic and social methods by food safety stakeholders and value chain 
actors, improving food safety and market participation of the poor in informal markets for livestock 
products in sub-Saharan Africa. 
 
The project contributes to this with outputs at two scales: 
 At the level of meat, milk and fish value chains, it pioneers and tests a practical, whole-value-chain 
application of risk-based approaches to food safety in selected countries which are the focus of the 
CGIAR Research Program on Livestock and Fish. It will develop, test and communicate the 
technologies and methods to improve food safety and enhance smallholder market access. 
 At regional scale, it works through the food safety ‘champions’ supported in the completed phase to 
better incorporate risk analysis and economic valuation methods into food safety policy, 
commercial practice and veterinary education. 
 
The project works in four countries (Ethiopia, Senegal, Tanzania and Uganda) and with university and 
research networks and regional economic communities in East, West and southern Africa. It builds directly 
on previous work supported by the BMZ-funded Safe Food, Fair Food project that increased capacity and 
generated evidence for improving food safety in eight African countries, training over 50 food safety 
stakeholders and supporting 20 postgraduate research projects. 
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Training summary 
 
Co-organizers  
• Alexandra Fetsch, Federal Institute for Risk Assessment (BfR), Germany  
• Silvia Alonso, International Livestock Research Institute (ILRI), Kenya 
• Kristina Roesel, ILRI, Kenya 
• George Msalya, Sokoine University of Agriculture (SUA), Tanzania 
 
Lecturers/facilitators  
• Alexandra Fetsch, BfR, Germany 
• George Msalya, SUA, Tanzania  
• Hezron Nonga, SUA, Tanzania 
 
Microbiological assessment is the cornerstone for understanding the safety of food that is produced, 
marketed and consumed. The Safe Food, Fair Food project aims at adapting and implementing risk 
assessment in informal markets in four countries in sub-Saharan Africa: Ethiopia, Senegal, Tanzania and 
Uganda. The outcomes of the project will help identify suitable risk management activities to be piloted in 
selected livestock value chains, including dairy in Tanzania. 
In this context, the project is assessing the microbiological hazards in the milk in dairy farming households 
in two regions in Tanzania: Morogoro and Tanga. The microbiological quality of the milk stored and 
consumed at the farmers’ households will be assessed through hygienic indicators (enumeration of 
mesophilic bacteria, Enterobacteriaceae and coagulase-positive staphylococci) and identification of the 
main foodborne pathogens (Salmonella spp. and Listeria monocytogenes). Milk collected from the cows in 
the farmers’ herds will be tested for the presence of mastitis-causing microorganisms including 
Streptococcus agalactiae and Staphylococcus spp. 
On 17-23 March 2014, BfR and ILRI held a training workshop for five MSc students and two laboratory 
technicians from SUA towards developing and strengthening individual and institutional capacity in 
microbiological assessment of food. Lectures and practical sessions were combined throughout the course to 
provide theoretical basis and practical experience in enumerating, isolating and identifying various 
microorganisms, including milk-borne pathogens.  
The specific learning objectives were: 
 To gain knowledge on basic concepts of public health, risk assessment, microbiology and 
laboratory work. 
 To understand the principles and different techniques of microbiological analysis of food (milk). 
 To be able to perform a range of laboratory methods on milk hygiene and to enumerate, isolate and 
identify various foodborne and mastitis causing pathogens. 
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Training curriculum 
 
Unit 1 – Introductory sessions and principles of laboratory work 
Lectures 
 Introduction and background to the Safe Food, Fair Food project. Scope of the workshop (George 
Msalya) 
 Safety in the laboratory (Hezron Nonga) 
 Microbiological testing of food (Hezron Nonga) 
 Principles of microbiological media preparation (Hezron Nonga) 
 
Unit 2 – Laboratory methods for microbiological quality of household milk 
Lectures 
 Foodborne infections and intoxications (Alexandra Fetsch) 
 Veterinary aspects of milk: Quality, milk hygiene and milk safety, including principles of risk 
analysis and microbiological risk assessment (Alexandra Fetsch) 
 
Methodology talks (seminars) and practicals 
 
Trainer: Alexandra Fetsch 
 Identification and isolation of Listeria monocytogenes 
 Identification and isolation of Salmonella spp. 
 Enumeration of Enterobacteriaceae 
 Total plate count 
 Enumeration of coagulase-positive staphylococci spp. 
 
Unit 3 – Laboratory methods for identification of mastitis causing microorganisms 
Lectures 
 Dairy mastitis: pathogens and diagnostics (Alexandra Fetsch) 
 Milk sampling: Dos and don’ts (Alexandra Fetsch) 
 
Methodology talks and practicals 
 
Trainer: Alexandra Fetsch 
 Isolation and identification of Staphylococcus spp. 
 Isolation and identification of Streptococcus spp. 
 Isolation and identification of Gram-positive and Gram-negative mastitis-causing microorganisms 
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Training agenda  
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Training materials 
 
All presentations (lectures and methodology talks) and a template sheet for the entry of results were shared 
online with the participants on conclusion of the training through a common Dropbox folder. Participants 
also received hard copies of other materials relevant to the training (for example, International 
Organization for Standardization [ISO] methods used during the training). 
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Training evaluation by participants 
 
Participants’ feedback on the training was generally positive. Six (85%) of the participants rated their 
personal learning success as ‘high’ to ‘very high’. The participants were satisfied with the amount of lectures 
and practical sessions although some indicated that a few of the practical sessions were too short. 
 
Most participants were satisfied with the distribution of time between the different teaching methods. They 
were generally satisfied with the amount of time allocated to specific sessions (including lectures and 
methodology talks), although some participants said that time was limited on some occasions. A few 
participants said they found some sessions too hard to understand. Almost all participants found the 
practical laboratory sessions very useful. Nevertheless, most indicated that the scope of the course content 
was quite large and the overall time allocated for the entire training was a bit constrained. The organizers 
appreciated the suggestion of the participants that the training course could have been delivered more 
appropriately over two weeks. 
 
Details of the training evaluation are provided in Annex 1. 
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Assessment of the training course 
 
Method of evaluation 
To assess the achievement of learning objectives, pre- and post-training evaluation was done by self-
assessment written questionnaire comprising 15 questions of varying difficulty related to the understanding 
of microbiological analysis of milk within the framework of risk analysis (including microbiological risk 
assessment). The same questions were asked at the beginning and at the end of the course. The results were 
compared by means of descriptive statistics and analysed by the t-test for paired samples. 
 
Each question was scored on two parameters: 
 Degree of difficulty of the question (1 = easy; 2 = average; 3 = difficult)  
 Correctness and level of detail of the answer given (0 = no/wrong answer; 3 = partly correct 
answer; 5 = correct and detailed answer)  
Both parameter scores were multiplied to obtain the final score for each question.  
Six questions were ‘easy’ (score 1), six ‘average’ (score 2) and three ‘difficult’ (score 3). 
The maximum number of points achievable per participant was 135 points1  
Descriptive statistics 
Questionnaire results  n  Min.   Max. mean Standard 
error 
Standard 
deviation 
Variance 
Before training  7 8 73 26,43 8448 22,352 499,619 
After training 7 38 104 73,29 8510 22,515 506,905 
 
 
                                                                
1 The maximum number of points is calculated as follows: 30 (6 times 5 points) + 60 (6 times 5 points, multiplied by 2) + 45 (3 times 5 
points, multiplied by 3) = 135 
Pre-training Post-training 
Number 
of points 
Pre-training Post-training 
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Key indicators 
Total number of participants: 7 
Number of completed questionnaires: before training = 7; after training = 7 
 
Paired samples t-test 
Is there a difference between the questionnaire results of the participants before and after the laboratory 
trainings workshop? 
Hypothesis: α (confidence level) = 0.05 (95% CI) 
H0 : There is no difference between the results before and after the workshop. 
H1 : There is a difference between the results before and after the workshop. 
t value: 0.0039 (t < α = H0 is rejected. We accept the alternative hypothesis, H1) 
 
Conclusion 
The results of the training course assessment show that participants achieved a significantly higher number 
of points after the training compared to before. This suggests that the learning objectives of the workshop 
were met. 
Question 
number 
Score Number of 
participants 
Number of 
participants 
Number of points 
  Before training After training Before training After training 
Points  0 3 5 0 3 5   
1 2 5 1 1 1 5 1 16 40 
2 1 2 1 4 0 1 6 23 33 
3 2 5 1 1 1 2 4 16 52 
4 1 7 0 0 2 2 3 0 21 
5 1 7 0 0 2 2 3 0 21 
6 1 1 4 2 1 2 4 22 26 
7 1 0 6 1 1 2 4 23 26 
8 2 2 3 2 1 1 5 38 56 
9 2 6 0 1 3 3 1 10 28 
10 3 7 0 0 1 4 2 0 66 
11 1 5 2 0 2 3 2 6 19 
12 2 5 1 1 0 3 4 16 58 
13 3 6 0 1 2 4 1 15 51 
14 3 7 0 0 5 1 1 0 24 
15 2 7 0 0 7 0 0 0 0 
Total        185 521 
9 
 
List of participants 
 
Name Sex (M/F) Institution Country of origin Country Classification 
(Developing/Developed) 
Faustin Cyriacus M SUA* Tanzania Developing 
Emil Hyera M SUA Tanzania Developing 
Hellen Mizambwa F SUA Tanzania Developing 
Asteria Mwaya F 
(former SUA 
student) 
Tanzania  Developing 
Bora Juma Almassy F KMC** Tanzania Developing 
Hashim Matimba (lab technician) M SUA Tanzania Developing 
George Makingi (lab technician) M SUA Tanzania Developing 
* Sokoine University of Agriculture, Morogoro, Tanzania 
** Kilimanjaro Christian Medical Centre, Moshi, Tanzania 
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ANNEX 1 
 
Detailed results of the training evaluation (empty cells indicate 0 respondents) 
 
Teaching methods  
Session n Rating 
  Too little About right Too much 
Lectures 7 1 6  
Methodology talks 7  5 2 
Practical training 7  6 1 
 
Logistics 
Item n Rating 
  Poor Fair Very good 
Travel arrangements 7 1 3 3 
Accommodation 5  4 1 
Teaching facilities 7  3 4 
Leisure 7 3 2 2 
 
Amount of time, level or relevance 
 
Lecture 
n Rating of level n Rating of amount of 
time 
 Easy OK Too hard  Little OK Too much 
Introduction and background on the 
Safe Food, Fair Food project 
7  7  6  6  
Lab safety issues, good laboratory 
practice/quality assurance 
7  7  7 1 6  
Overview on microbiological 
methods 
7  6 1 5  5  
Media preparation: Overview, Dos 
and don’ts 
7  7  6 1 5  
Foodborne infections and 
intoxications 
7  7  6 1 5  
Dairy mastitis: pathogens and 
diagnostics   
7  5 2 7 3 4  
Veterinary aspects of milk: Quality 
milk hygiene and milk safety, 
including principles on risk 
analysis/microbiological risk 
assessment 
7  6 1 7 3 4  
Milk Sampling: Dos and don’ts 6  4 2 7 1 6  
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Methodology talk n Rating of level n Rating of amount of time 
 Easy OK Too 
hard 
 Little OK Too much 
Total Plate Count technique: mesophilic 
bacteria count 
7  7  6 2 4  
Enterobacteriaceae count 7  7  5 1 4  
Detection of Listeria monocytogenes 7 1 6  6 1 5  
Detection of Salmonella spp. 6  6  5 1 4  
Enumeration of coagulase-positive 
staphylococci spp. 
7 1 6  5 2 3  
 
Hands-on lab-trainings 
Title of lab-training n Not useful Just right Very useful 
Mastitis diagnostics: screening for bacteria 7  1 6 
Mesophilic bacteria count of milk samples 7  1 6 
Enumeration of Enterobacteriaceae in 
milk  
7   7 
Detection of Listeria monocytogenes in 
milk 
7   7 
Detection of Salmonella spp. in milk 7  1 6 
Enumeration of coagulase-positive 
staphylococci spp. in milk 
7   7 
 
Rating of personal learning success (n = 7) 
Very high 2 
High 4 
Medium 1 
Low 0 
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ANNEX 2 
 
Pre- and post-learning questionnaire 
Question 1: What is the principle of the tube coagulase test and for which bacteria is it used? Please explain. 
(Score: 2) 
Question 2: Which mastitis-causing bacteria do you know? Please list at least three of the most common 
ones. (Score: 1)  
Question 3: What are the characteristics of Enterobacteriaceae when applying ISO 21528-2 (in terms of 
growth (i.e. how do they look on an agar plate) and biochemical properties)? (Score: 2) 
Question 4: What are the elements of risk analysis according to Codex Alimentarius? (Score: 1)  
Question 5: What are the elements of microbiological risk assessment? (Score: 1)  
Question 6: Which bacteria and viruses that can be transmitted to humans through food do you recall to 
cause (acute) gastroenteritis? Please list at least three of the most common ones. (Score: 1) 
Question 7: Please explain the following terms: «zoonosis», and «foodborne intoxication». (Score: 1) 
Question 8: How do bacteria typically grow over time? Please list and explain the growth phases of bacteria. 
(Score: 2) 
Question 9: Please explain the principle of the oxidase test and list two oxidase-positive and two oxidase-
negative bacteria, respectively. (Score: 2) 
Question 10: For which purposes/questions would you apply the CAMP-test ? Please explain and describe 
the principle of the test. (Score: 3) 
Question 11: Explain the differences between a method meant for counting of bacteria and pathogen 
detection, respectively, hence, give an example for each. (Score: 1) 
Question 12: At which temperatures would you incubate a Baird-Parker-Agar plate for the detection of 
staphylococci compared to a Violet-Red-Bile-Glucose-Agar for the detection of Enterobacteriaceae? (Score: 
2) 
Question 13: In the case of growth of bacteria on a screening agar plate (for example, blood agar) after 
incubating a mastitis sample, which methods for identification would you apply? Please describe a possible 
work-flow. (Score: 3) 
Question 14: What are intrinsic and extrinsic factors in the context of food microbiology? Please explain 
and give two examples of each. (Score: 3) 
Question 15: What are typical food-matrix and causative agent combinations? Please give at least three 
examples for bacterial agents and one for viruses. (Score: 2) 
